The third harmonic 3.9 GHz superconducting cavity was recently proposed by DESY for a new generation of high brightness photo-injector (TTF photoinjector-2) to compensate nonlinear distortion of the longitudinal phase space due to RF curvature of the 1.3 GHz TESLA cavities [1,2]. Installation of the 3M harmonic cavity will allow us to generate ultra-short ( 4 0 ptn nns) highly charged electron bunches with an extremely small transverse normalized emittance (4 pm). This is required to support a new generation of linear colliders, free electron lasers and synchrotron radiation sources. In this paper we present the current status of the 3'* harmonic cavity being developed at Fermilab. We discuss the design procedure. the building and testing of the copper and niobium halfcells and components, the design of input and HOM couplers.
INTRODUCTION
The design philosophy of producing highly charged bunches is based on using a long laser pulse to pull a long bunch from the photocathode and thereby reducing the deleterious space charge effect. However, in the accelerating section, the sinusoidal accelerating field profile distorts long hunches. The purpose of the 3" harmonic de-accelerating section is to compensate for this distortion. In this manner, the injector should generate nC-bunches at an emittance that is four times lower than what existing injectors typically produce.
Fermilab, as part of the TTF collaboration, participates in developing and testing 3" harmonic cavities at the existing FNPL photoinjector [3] . A number of USA institutions have expressed interest in specific facets of the photoinjector program and intend to form a collaboration to build and operate a 100+ MeV highbrightness electron photoinjector at Fennilah.
CAVITY DESIGN

Design parameters
The first design of the 3.9 GHz cavity was proposed by DESY [4] . The cavity consists of nine cells with an elliptical cup shape with a 3Omm diameter iris and a 40mm diameter beam pipe. However, Fermilab calculations done for this design show that the coaxial input coupler has to be mounted very close to the end cell to provide the n e c e s s q coupling. In an improved design, the iris diameter of the end-cell was increased to 40mm with increased distance from the end-cell to the input coupler ( Table 1) . This leaves more space for welding and mounting of the helium vessel flange. The field distribution in the half-cavity is shown in Fig.1 . The design parameters of the 3" harmonic section are presented in Table 2 . 
FABRICATION OF COMPONENTS
Forming of half-cells
For cup production two different processes are under development. For the conventional deep drawing process, we built a set of dies, machined from 1015-T6 aluminum alloy and formed the cups, using 2.8-mm-thick niobium (RRR 300+) or copper blanks. (Fig.3) . To get the required curvature at the iris, the nose of the cup is then coined [SI. An alternative process is hydro-forming of the cups. Advanced Energy Systems, Inc. is developing this process for the 3d harmonic and CKM cavities. 
Welding of Dumbbells
Twelve niobium cups were formed to help develop the forming and welding technology. Electron-beam welding parameters were optimized for iris and equator welds (Fig.5) . The measured weld shrinkage was -0 . 3 d j o i n t at the iris and -0 . 2 d j o i n t at the equator with deviation of *IO%. Annealed half-cells had higher shrinkage, but more tests are needed to finalize EBW characteristics.
Fig.5. Welded dumbbells
Cavity tuning
After fabrication, the cavity has to be tuned to obtain the design frequency and field flatness. Limitations in the space between cup pairs, makes it difficult to use a conventional tuning system. A more adequate solution is obtained by squeezing the equator diameter instead of changing the cell length [6] . This type of tuner was designed, built and tested (Fig.6) . The tuning clamp consists of 8 curved steel sectors, sliding on a chain. The chain length can be adjusted by a screw. Since the inner surface of this clamp conforms to the cell shape, longitudinal lengthening of the cell is minimal. During the test, a niobium cell was easily tuned up to 35 MHz, which is 3 higher than our goal.
the length of the cell. 
H O M~~~&~~~
Trapped High Order Modes (HOM) may excite BBU instability in the accelerator. Ream dynamics analysis gives us an upper limit of Qext (Table.2 The coupler has pick-ups and light detection and is designed with DC biasing to suppress multipactor (MP). A lower power level should facilitate MP problems, but we need more detailed calculations to prove this 
CONCLUSION
Input coupler
